In South Africa, the socio-economic development of rural communities lags the furthest. One of the factors contributing towards this is the incapacity of local municipalities to deliver basic services. This paper discusses how municipal capacity can be improved through an ICT system that is designed and implemented using co-design. In a case study of two South African rural municipalities, capacity was assessed before and after an ICT system was implemented. Using the co-design methodology, stakeholders became part of the design team. The study empirically showed that capacity increased in both municipalities after the ICT system was implemented. The resulting developmental change manifested itself in the sectors of governance, engagement, human resource management, institutional memory, and access to information. The findings showed that understanding the context and current capabilities of stakeholders and investing time in the design of the ICT system resulted in greater impact than literature previously suggested.
Introduction
Information and Communication Technologies (ICTs) are being perceived as an important enabler for development in Southern Africa. Governments have identified ICTs as a requirement to achieve development strategies in the social and economic sectors (Bailey, 2009; Department of Telecommunications & Postal Services [DTPS], 2016; Faith in ICTs bringing about socio-economic development has been expressed by a number of authors (Bailey, 2009; Chaudhuri, 2012; Gigler, 2015; Heeks, 2010; Heeks & Molla, 2009; Roztocki & Weistroffer, 2016) . Roztocki and Weistroffer (2016) define socio-economic development as "a process of changes or improvements in social and economic conditions as they relate to an individual, an organization, or a whole country" (p. 542). While factors such as income, education, and employment levels are often used to measure the change of socio-economic status, Roztocki and Weistroffer (2016) highlight other factors that should be considered. These include quality of life, standard of living, and the social liberty of individuals. Gigler (2015) uses Sen's capabilities approach as a theoretical framework to advocate for a shift in the way individuals' well-beings (or their socio-economic development) are perceived and defined. He suggests that development "move away from an incomebased perspective" (p. 15). Instead, it should emphasize "the nonmaterial (that is, social, cultural, and political) aspects of human well-being" (p. 15) and be viewed as "a process of expanding the real freedoms that people enjoy" (p. 15), by expanding their capabilities "to lead the kinds of lives they value" (p. 15).
Regarding ICTs specifically, Gigler (2015) relates development to the capabilities of individuals "to transform the range of information and communication options made available to them into actual and realized functionings" (p. 209) . Any changes to, or improvements in, these capabilities will result in changes to, or improvements in, socio-economic development. Based on this logic, an approach to further socio-economic development would be to design ICTs towards the current capabilities of individuals. Bridging the gap between ICTs and the capabilities of individuals would result in functionings being more realizable by those individuals, and hence have a greater impact and chance of improving their socio-economic development. Qureshi (2015) too advocates for a new approach to considering development. Moving away from orthodoxy, Qureshi (2015) offers a typology to "help scholars to create a better world" (p. 512). By asking questions such as "Are people able to pursue better livelihoods?" (p. 516), "Do ICTs help their well-being?" (p. 516), and "Are the ICTs used addressing the needs of communities?" (p. 516), Qureshi's (2015) typology identifies ICTs which "offer improvements in people's lives" (p. 512).
Regardless of the perspective taken, the optimism and hope that ICTs can assist in the development of society has resulted in a number of Southern African countries implementing ICT policies to support such development.
For instance, Lesotho plans on using ICTs to create a "knowledge-based society [that is] fully integrated in the global economy by 2020" (Chaudhuri, 2012, p. 327) . Uganda has been implementing a series of policies to integrate ICTs into its development agenda, and into a variety of areas of social life (Obot, 2009) . Kenya started a connectivity and eservices delivery project supported by the World Bank, under the Kenya Transparency Communications and Infrastructure Project (KTCIP), which has led to the development of e-applications and the rolling out of e-government services in Kenya (AfDB, 2013) .
South Africa initiated a review of all existing ICT policies in 2012 and published the National Integrated ICT Policy White Paper in 2016. The overarching vision of the White Paper is to ensure that all citizens can realize the opportunities and benefits of actively participating in the global ICT system and thus create a digital society (DTPS, 2016) . Section 10.4 of the White Paper deals with the digital transformation of public services, required to create an e-government in South Africa. It outlines eight interventions for achieving this transformation. A commitment from the South African government to improve the socio-economic development of individuals through ICTs is evident (Abrahams & Newton-Reid, 2008; DTPS, 2016; Mawela, Ochara, & Twinomurinzi, 2016) .
In South Africa, however, rural local municipalities find themselves "seriously challenged to fulfil their obligations" (Department of Cooperative Governance and Traditional Affairs [CoGTA], 2009, p. 22) and "generally lack the financial and human resources to deliver on their constitutional and legal mandate and on citizen expectations" (CoGTA, 2009, p. 33) . The livelihoods of communities in these areas are thus the least stable in the country.
With the above assessment and Gigler's (2015) notion of development in mind, the capabilities of rural local municipalities in South Africa to transform the potential of ICTs into actual and realized functionings is, arguably, limited.
However, as pointed out, ICTs designed to speak to existing capabilities are more likely to experience a greater impact. The greater the impact, the higher the likelihood of improved socio-economic developmentin this instance, for rural local municipalities and their communities. Understanding the current capabilities and designing towards them requires the involvement of local municipalities and their communities in the design process. Co-design, as a means of representing the needs and capabilities of all stakeholders during the design process , offers an opportunity to achieve just this.
Given the overview presented above, this study set out to answer the following question: Does co-designing an ICT system, towards the current capabilities of stakeholders, result in an increased capacity, and hence, contribute to their socio-economic development?
The remainder of this paper is structured as follows: an overview of co-design and ICT4D is provided, so as to position the research. This is followed by a background to the study, and a description of the study sites. The research methodology is then outlined, followed by the presentation of the findings, as well as a discussion. The paper ends with the researchers' concluding thoughts.
Co-design and ICT4D
The expectations of ICTs to contribute to development resulted in the creation of Information and Communication Technology for Development (ICT4D) (Chaudhuri, 2012; Heeks, 2008 Heeks, , 2009 Heeks & Molla, 2009; Siphiwosami et al., 2015) . ICT4D focuses on activities that consider the contribution of ICTs towards social and economic development within the developing world (Avgerou, 2010; Donner & Toyama, 2009; Siphiwosami et al., 2015) . The contributions of ICT4D initiatives towards development have recently become the source of much discussion, with the literary world questioning their real impact (Chaudhuri, 2012; Heeks, 2010; Kamel, Rateb, & El-Tawil, 2009; Siphiwosami et al., 2015) , contribution, and sustainability (Avgerou, 2008; Avgerou & Walsham, 2001; Chaudhuri, 2012; Heeks, 2002; Hicks, 2013) .
A common theme in the discussion of failure, sustainability, and development is the satisfaction of stakeholders and their overall involvement in the ICT implementation process. Heeks (2002) argued that ICT initiatives do not experience significant undesirable outcomes when most stakeholder groups have their major goals attained. Kroczek, van Stam, and Mweetwa (2013) and Mawela et al. (2016) state that ICT initiatives are classified as failures when they do not deliver on the expectations of all stakeholders involved. The notion of including stakeholders in the design and development of ICT solutions, to ensure sustainability and success, has been echoed by a number of other authors too (Flak & Rose, 2005; Kroczek et al., 2013; Mishra & Mishra, 2013; Pouloudi, 1999; Sjöström & Goldkuhl, 2010) . While the inclusivity of stakeholders is broadly recognized in the ICT4D sector, the reality for system developments remains that stakeholder requirement analysis and specification description are, in general, short phases of software development projects, with the focus remaining on development, implementation, and training. The driver for projects is often technical functionality, rather than engagement with stakeholders.
To address stakeholder engagement in a constructive development cycle, the concept of co-design was developedan approach in which stakeholders become part of the design process. Steen, Manschot, and De Koning (2011) define co-design as creative cooperation in design processes. At the heart of it is a move towards stakeholder-led process design to improve the response of ICT solutions to local contexts and stakeholder needs (Bradwell & Marr, 2008; Cruickshank & Deakin, 2011; Sanders & Stappers, 2008; Visser, Stappers, van der Lugt, & Sanders, 2005) . The key elements of co-design are improved requirement identification, effective design process, stakeholder capacity building, and perceived ownership of the system and project.
Co-design presents a shift in thinking about design by establishing a close relationship between stakeholders and designers. Bradwell and Marr (2008) explain co-design as an effort to combine the views, input, and skills of people with varying perspectives. Albinsson, Forsgren, and Lind (2008) refer to co-design as an answer to the need for constructive problem-solving between stakeholders by involving the inputs of different people. Sanders and Stappers (2008) speak about co-design as participation that occurs when design is done "with," rather than "for" stakeholders. Co-design allows the needs and capabilities of all stakeholders to be represented during the design process and avoids paternalistic notions of development .
Background to the study
This study was part of a wider research initiative to support two rural municipalities, in South Africa, in improving the delivery of water and sanitation services to their communities. The municipalities were selected using a set of criteria (see Table 1 ). Additionally, through engagement with South Africa's provincial and local governments, only municipalities facing severe service delivery challenges, but with sufficient capacity to engage in a research study, were selected. The identified municipalities were the only two fulfilling these requirements. The intention of the study, as presented here, was to simplify and improve communication between the municipalities and their communities, particularly on service delivery faults, so as to increase public engagement and reduce service delivery protests. Additionally, the management from both municipalities hoped that the introduction of an ICT system would, by streamlining current work processes, improve data management, relieve internal resource constraints, and increase internal capacity, thus leading to improved service delivery.
To understand the design and implementation context of the ICT system, it is important for readers to understand South African governance.
Governance in South Africa
Over the past 20 years, the South African government has integrated public engagement in government structures to increase trust, transparency, and accountability in governance. During the apartheid era, from 1945 to 1994, public engagement structures did not exist and, hence, needed to be formalized post-1994. The transformation started at the local government level. Municipalities were assigned additional responsibilities, and structures were changed to add the new functions and institutionalize a citizen-focused approach. Planning of infrastructure had to be developmental, and form part of an integrated municipal development plan. Municipal performance had to be measured, assessed, and reviewed by the municipalities themselves, the relevant citizens, as well as provincial and national governments. Legislation and policy clarified the role of local residents as being part of local government (Nyalunga, 2006; Pretorius & Schurink, 2007) . By introducing the voice of the citizens within the framework of decision-making, it was hoped that the public would be motivated to participate, and thus ensure transparent decision-making.
Like all South African governance sectors, the water sector also saw an extensive restructuring post-1994. Acts were updated and policies developed, resulting in major Stats SA, 2011a , 2011b institutional changes (Hodgson & Manus, 2006; Lindfors, 2011) . Local municipalities were given increased responsibility to address the wide disparity between access to drinkable water, shortcomings in infrastructure development, and adherence to water quality standards (Rivett, Champanis, & Wilson-Jones, 2013) . Despite a country-wide improvement of water service delivery, water fault reporting is still cited as limited or non-existent, particularly in more rural contexts (Rivett et al., 2013) . Rivett et al. (2013) also highlight that engagement between the public and municipalities, as well as participation in decisionmaking, has been poor. Protest action by the public, highlighting water service delivery faults, has resulted in a further breakdown of trust between different stakeholder groups. The need for assessing accountability and transparency of local governments is growing (Rivett et al., 2013) .
Description of study sites
Two local municipalities, located in the Eastern Cape province of South Africa, were selected as study sites for this research, namely Kou-Kamma Local Municipality (LM) and Ndlambe Local Municipality (LM). They were selected based on a set of rurality criteria as presented in Table 1 (the relevance of these criteria is described in Appendix 1) . While Table 1 identifies each municipality, the names of the municipalities are anonymized in the findings and discussion, as per the ethical research requirements of the study.
Research methodology
This research was based on the premise that all stakeholders involved in the study needed to define their capabilities and developmental needs within their context, and take ownership of the problem space, prior to the design and implementation of the ICT. This allowed for the design of an ICT towards the capabilities of all stakeholders involved. To distinguish between the different types of stakeholder groups in this study, the term "users" refers to municipal staff members, "beneficiaries" to citizens, and "stakeholders" to both "users" and "beneficiaries."
Stakeholders (i.e. the municipal staff members and citizens) were identified as the experts of the local context and championed the system design as part of a developmental strategy within the municipality.
To assess if co-design, as an approach for designing and implementing ICTs, offered potential for development within the identified municipalities, a qualitative multi-case study approach was used (Yin, 2014) .
The case study is appropriate and relevant to this study because it can help to (1) explain complex causal links in real-life scenarios, (2) describe the real-life contexts into which interventions are implemented, as well as the interventions themselves, and (3) explore scenarios where the interventions under evaluation have no clear set of outcomes (Yin, 2014) . According to Yin (2014) , the four stages of any case study are as follows:
(1) Designing the case study, which involves:
(a) Determining the required skills, and (b) Developing and reviewing the protocol;
(2) Conducting the case study, which involves: (a) Preparing for data collection, (b) Distributing the questionnaire, and (c) Conducting interviews; (3) Analyzing the case study evidence, which involves:
(a) An analytic strategy; and (4) Developing the conclusions, recommendations, and implications based on the evidence.
Regarding Stage 1, Point (a): Determining the required skills, the researchers have, through previous projects (Jacobs, 2016; Jacobs et al., 2016; Rivett et al., 2013 Rivett et al., , 2014 , been trained in case study investigation and, accordingly, possess the ability to ask good questions, listen to and interpret responses, be adaptive and flexible to various situations, and remain unbiased by preconceived notions (Yin, 2014) . In fact, the very nature of the co-design process, as highlighted under Co-Design and ICT4D, is to allow the needs and capabilities of all stakeholders to be represented during the design process and to avoid biased, paternalistic notions of development .
Regarding the remaining three stages of Yin's (2014) case study approachit was found that they overlapped with several aspects of the co-design process. Rather than separating the two, they were integrated into one research methodology. This is described below.
Co-design: Phase 1
In the first phase, the co-design team was established. The team consisted of users and beneficiaries, ICT experts, and the researchers. Users included members of the municipal executive, management, administration, and the departments of finance, public participation, IT, and technical support for water and sanitation. The beneficiaries included elected representatives from the public and citizens who made themselves available for meetings.
Meetings with the municipal representatives were held between 30 March and 4 April 2014, using semi-structured interviews, to understand the local context of water service delivery and identify the developmental needs of each municipality. Similarly, interviews with citizens and elected representatives, from each municipality's communities, were held during May 2014.
Due to the interpretive nature of the study, interview topic guides were kept generic. This afforded stakeholders the possibility to speak about their experiences freely and provide information that might otherwise have remained unknown. This speaks to Yin's (2014) recommendation of interviewing using a seminar format. Additionally, it allows for problems in the study design, and team-member incompatibilities to be identified (Stage 1, Point b)).
The topics covered were Municipal Structure and Management, Water and Sanitation Services, Challenges of Service Delivery, Customer Relations, Public Participation Processes, and Existing Information Systems (see also Appendix 3). All interviews were recorded, transcribed verbatim to text, and coded into a software program for qualitative analysis. Yin (2014) identifies six primary sources of evidence for cases studies, of which "interviews" is one (Stage 2, Points (a), (b), and (c)). While not all are essential to every case study, multiple sources establish the reliability of the research. With this mind, it must be noted that documentation, archival records, and other physical artifacts were provided, by stakeholders, as additional sources of evidence during the interviews. These additional sources enhanced the internal and external validity of the study (Yin, 2014) . Coding the transcribed interviews overlaps, in part, with Stage 3 of Yin's (2014) four stages: Analyzing the case study evidence.
Co-design: Phase 2
The second phase of the study was to design the ICT system using the design criteria identified in Phase 1 (i.e. using the analyzed evidence). Three conceptual system designs, each responding to the local needs, were developed and presented to the municipalities on 14 and 16 July 2014. Each municipality chose a design that best responded to their needs and capabilities. A seminar was held with ICT experts and users to get additional feedback, address concerns, and finalize the design for development (see Appendix 2 for a brief description of the final system).
Prior to the implementation of the ICT system, users tested the system without any formal training to gain insight into its usability, ease of use, and representation of workflow. Feedback from this testing session was integrated into the final revision of the system prior to implementation in October 2014. Implementation included formal training sessions with all system users. Communities were, as part of the implementation process, informed of the new ICT system, and revised processes of engaging with their municipalities, through community meetings and pamphlets. These pamphlets were distributed at central locations such as libraries, shops, and post offices within each community, and given to citizens who attended the meetings to distribute within their communities.
While the final designs were based on the analyzed case study evidence (from Phase 1), Phase 2 of the co-design process does not equate to Yin's (2014) Stage 4. Drawing conclusions, recommendations, and implications based on the evidence required a second iteration of Stages 2 and 3 (see Phase 3).
Co-design: Phase 3
The third phase of the study was to assess the usage of the system and the developmental change within each municipality. Data for this phase were collected during meetings held in March 2015. Interview guides focused on two overarching aspects: the usability of the system and a review of how the system had addressed the challenges that the stakeholders had identified during the first phase of the co-design process (i.e. a second iteration of Stage 2 of Yin's (2014) four stages). As with the first phase, all interviews were recorded, transcribed verbatim to text, and coded into the same software for qualitative analysis.
To measure change, data collected in Phases 1 and 3 were assessed using the Adaptive Capacity Wheel (ACW; Gupta et al., 2010; , a research instrument developed to assess the ability of each municipality to adapt and respond to the change the ICT system sought to bring about, across 6 dimensions and 22 criteria. These are highlighted in Table 2 . A more detailed description of the ACW, its dimensions, its criteria, and its use in this study, can be found in Jacobs (2016) . This assessment using the ACW corresponds to the second iteration of Stage 3 of Yin's (2014) four stages of case studies.
As the reader may have noticed, Yin's (2014) Stage 4 does not correspond directly to any of the three phases of the co-design process. Developing conclusions, recommendations, and implications based on the evidence is implicit for any research output. As such, Stage 4 is covered under the Findings & Discussion, Lessons Learnt & Actionable Recommendations, and Conclusions of this publication.
Reflecting on what has been outlined above, an argument could be made that the codesign process, as implemented in this study, follows an "iterative" case study approach, specifically regarding Stages 2 and 3. Integrating the stages of Yin's (2014) case study approach with the three phases of the co-design process makes direct replication in the implementation of the design process possible, and allows for conclusions beyond the single case to be drawn. That said, replicability of the design process does not guarantee similar outcomes for different cases (study sites). And nor should it. Since the premise of co-design is to respond to a local context and local needs, differing outcomes are, and were, expected.
Findings and discussion
The data analysis showed three core themes where co-design had the greatest impact:
. Understanding the local context to identify developmental needs . Developing capacity through ICT system functionality . Assessing usage and capacity change Prior to the system's implementation, both municipalities provided citizens with two means of engagement for water and sanitation fault situations: walking to municipal offices and speaking to a staff member directly or contacting the offices telephonically. Both options had substantial drawbacks. In the case of walk-ins, citizens often had to travel considerable distances to reach a municipal office. For those who chose to call, no toll-free telephone line was available. In both instances, lodging a fault incurred a cost to citizens. The concern for both municipalities was that these costs deterred citizens from lodging water service faults. This was problematic because the municipalities could not resolve faults they were not made aware of. Through the co-design process, municipalities identified cost-to-citizen as a key barrier to engagement with citizens, but felt that due to financial constraints, a toll-free number would be too expensive to implement. For water service faults that were reported, details were recorded on paper. In the case of Municipality X, these were not transferred to any formal logbook or database. While Municipality Y kept an Excel spreadsheet, the paper fault reports were often misplaced and lost before any faults data could be recorded digitally. Hence, formalized storage databases, logbooks, and the use of reference numbers to operationalize fault recording or manage institutional memory were limited in both municipalities.
In Municipality Y, a system of "job cards" was used to manage technical problems by handing over, in person, a document with the fault to the relevant technical team. While operational processes within both municipalities required water faults to be addressed and resolved within 24 hours, technical teams reported not being able to achieve this. A lack of technical resources and expertise was seen as one of the reasons. Another reason for Municipality X was the vast geographical distances between their communities. This resulted in substantial travel time for technical teams and time delays in reaching communities.
When faults were attended to or resolved, citizens were not necessarily given feedback. To receive feedback, citizens had to follow up themselves and incur additional costs. Stakeholders from both municipalities cited the lack of feedback, and the incurring of costs to obtain feedback, as possible reasons for the deterioration of trust experienced between them. Reflecting on this during the design process highlighted the need to integrate feedback mechanisms and to identify resources to ensure that such feedback was given timeously. Similarly, both municipalities acknowledged that they were not able to respond to all citizens' voices equally. Although a first-comefirst-serve policy was said to exist, the severity of faults, their impact on the public, and the availability of resources often dictated priority. There was also no evidence of either Municipality X or Y being held accountable, or suffering any consequences, when water fault reports were not resolved.
Staff members from both municipalities also highlighted a shortfall of expertise and inhouse skills in addressing water and sanitation faults. Although appropriately trained personnel were employed, there were simply not enough to cope with the workload; both municipalities suffered from understaffing. This was attributed to a lack of funding; the salaries offered to municipal staff were low in comparison to surrounding metropolitan municipalities. Understaffing meant that the municipalities sometimes required the skills and assistance of external service providers. Both municipalities spoke about the hope that, with the ICT system in place and work processes streamlined, resources would be freed up, staff would spend less time on tasks, and internal capacity would increase.
Much like Gigler's (2015) notion of development mentioned earlier (see Introduction), interviewed stakeholders understood development to be inherently linked to their capabilities and, hence, capacity. By co-designing towards their capabilities, and therefore increasing or improving their capacity, an experience of development was expected by all stakeholders. Development itself was not necessarily identified by stakeholders as something that could be measured, but rather as something that is experienced. Improving development, or being developed, was equated to becoming a more urban environment and providing better services. From the perspectives of the municipal staff members interviewed, only the major metropolitan areas of South Africa were developed. It was their experience that rural areas were under-developed and had no capacity to improve their status quo. This was not necessarily based on facts, but rather on the perception of individuals. Municipal staff members were aware that they were, as a municipality, responsible for setting a developmental agenda, as per the legal frameworks for governance. This was, however, experienced as a paperwork exercise rather than a strategic goal. Overall, the municipalities identified the following areas for assessing capacity development.
Developing capacity through ICT system functionality
While the original intention of the researchers was to develop a mobile app, Phase 1 of the co-design process revealed that this would not address the needs of the users nor the beneficiaries. A mobile app was unsuitable since mobile data was assessed as being too expensive, and most citizens living in the municipalities owned feature phones, with only basic functionalities such as SMS. In other words, a mobile app did not speak to the current capabilities of stakeholders. Instead, an ICT system, addressing the areas and aspects of capacity development identified in Table 3 , was developed. The functionalities of this ICT system are summarized in Table 4 .
It was envisioned by the co-design team that designing a system that only streamlined current workflow processes (i.e. not change current or introduce new processes) would improve workflow and increase efficiency, despite the understaffing faced by both Working towards using ICT for streamlining workflow processes municipalities. There was no budget to purchase commercial, off-the-shelf software. Additionally, these systems offered too much functionality and required substantial customization to be contextualized. In other words, they were costly to operationalize. As a result, the ICT system was built in-house, using open-source software. It was also hoped that by keeping the system simple, easy to use, and designed towards the current capabilities, users could easily pass their knowledge on to new users, and train them internally. In doing so, the ICT system spoke to the financial area for capacity development identified by the municipalities during Phase 1. Another aspect of financial resource constraints, identified by the municipalities, was the costs incurred to citizens when reporting faults. To address this, the new ICT system introduced an entirely new method for reporting faults (the Please-Call-Me (PCM) service) and modified an existing one (the introduction of a toll-free telephone line). In South Africa, the PCM service allows a free SMS to be sent to any other South African mobile number, asking the recipient of the SMS to call the sender back. This meant that the public could now send a PCM to their respective municipality, requesting that the municipalities call them back to enquire about the fault they wished to report. Coupled with the toll-free line, this provided two free methods for the public to report and follow up on faults, and without the need to travel. The hope was that with costs no longer being a deterrent, the public would be encouraged to report faults and hence, municipalities would be more aware of water and sanitation service delivery faults in their areas. That said, a numeric comparison of an increase in the number of faults reported was not possible due to each municipality's lack of records prior to the ICT implementation. Feedback from staff showed, however, that a perception of an increase of reported faults existed.
As mentioned earlier, beneficiaries were informed of these new methods for logging complaints in public meetings, where they were given the toll-free and PCM service numbers. The same information was also disseminated via pamphlets placed at local community centers, libraries, and post offices. The information in these pamphlets was presented in the three local languages: Afrikaans, English, and Xhosa.
To address engagement and responsiveness, the ICT system introduced the use of reference numbers (automatically generated and sent to citizens via SMS when faults were captured to the system). With this functionality in place, citizens could follow up on faults reported and the municipalities could easily retrieve appropriate data from the system (i.e. feedback mechanisms were introduced). Turnaround times were more easily monitored, and the first-come-first-serve policy could be adhered to more strictly. This addressed concerns surrounding all citizens' voices being heard and responded to equally. Additionally, with the ability to maintain a record of faults and respond appropriately to the public, the municipalities could build trust with their citizens.
The storage and retrieval functionality of the new ICT system also addressed the issue of institutional memory and allowed the municipalities to better manage their internal knowledge. The ICT system introduced the option to generate annual, monthly, or weekly fault reportsa functionality enabling both municipalities to monitor their service delivery more effectively. This provided the opportunity for both municipalities to be more accountable, ensure fair governance, and increase transparency.
Assessing usage and capacity change
With reference to Table 4 , this section discusses how stakeholders used the system and how capacity change occurred.
As mentioned, the municipalities were initially concerned that a toll-free line would be too expensive to implement. After some engagement between members of the co-design team, it was agreed that a test phase of the toll-free line would be included as part of the design and implementation. It was discovered that the costs were, in fact, minimal. Neither municipality had ever considered a toll-free telephone line as a realistic option before this project. Exposing the municipalities to different technical possibilities helped break down the myths surrounding costs. It also showed that ICT solutions did not have to be expensive and out of reach; they simply had to speak to the current capabilities of stakeholders.
However, despite the new, free methods of reporting faults, most citizens still preferred to walk in and speak to municipal staff members directly, even if it meant taking time out of their day and traveling long distances. In other words, face-to-face interaction was still the preferred method of communication, especially by the elderly. This is an important finding, as it highlights the fact that ICT solutions need to be cognizant of, and speak to, not only the current capabilities but also the social nuances of the contexts into which they are implemented, especially if they are to be relevant to all beneficiaries. While the ICT system was designed with the understaffing of each municipality in mind, it was clear from the beginning that the ICT system would not result in additional staff being available. The hope from the municipalities was that the ICT would result in increased efficiency, thus freeing up time, and allowing staff to do other work. While staff did not have more measurable time to do other work, an unexpected capacity change occurred. Improved workflow and increased efficiency resulted in a change of perception by staff towards their work. In their view, the new ICT system made their jobs feel easier, despite being aware of faults and the limited technical resources at their disposal.
These experiences of being more efficient and performing better at work meant greater job satisfaction. For the municipalities, this was an important change. As highlighted earlier on, staff turnover was a problem, with many leaving for more financially attractive positions at bigger metropolitan municipalities. If job satisfaction was higher, staff could be more inclined to stay in their current positions, thus improving staff retention for the two municipalities.
The storage and retrieval functionality of the new ICT system addressed the issue of institutional memory for both municipalities. They were both able to store and retrieve faults data easily, and better manage their internal knowledge. While this allowed for turnaround times to be monitored, and for the first-come-first-serve policy to be adhered to more strictly, the constrained resources of both municipalities meant that the severity of faults, and their impact on the public, still dictated priority and how each municipality chose to spread its resources.
Both municipalities, both expressed interest in expanding the system to include not only water and sanitation service delivery. Additionally, through the first-hand experience, both municipalities recommended that other rural municipalities consider using the ICT system, adapting it to their contexts to assist in developing their capacities.
The major differences that occurred between the two municipalities were in the areas of engagement and responsiveness.
Municipality Y used the feedback functionalities as designed. Reference numbers were generated and sent to citizens. Following up on reported faults was possible and Municipality Y could respond to its public appropriately. That said, whether trust was being built was difficult to assess. As indicated by staff members, some members of the public assumed that the introduction of the ICT system would result in their faults being addressed more timeously. Unfortunately for the municipality, being more aware of faults did not change the lack of technical resources available to them. These mismatched expectations hindered trust building.
For Municipality X, it was different. Due to the considerable geographical distances between its communities, it did not make sense (to the municipality) for its technical teams to return to the main office after each fault had been addressed to update the fault status and send feedback via SMS. The municipality's solution was to adapt its use of the ICT system.
All faults reported during any given week were not recorded to the system and only handed over to the technical teams the following Monday. The technical team addressed faults during the week and returned to the main office on Fridays, adding those faults that had been addressed to the database for storage. The cycle repeated itself on Mondays, with the technical teams receiving the next batch of reported faults, reported during the previous week.
In this way, the ICT system was used purely for storage of faults data (i.e. to build up institutional memory). While this adaptation better suited the geographical and technical resource challenges facing Municipality X, it negated the reference number and feedback functionalities of the system. In doing so, it also negated the possibility of building trust with its public.
The important thing to note here, however, is that the municipality adapted its use of the ICT system, to better suit its capabilities, without any external input from the researchers. It was mentioned earlier that the co-design process allowed both municipalities to identify, define, and take ownership of their needs and challenges as per their context and environment. It is this sense of ownership that gave Municipality X the confidence and freedom to adapt its use of the ICT system as it saw fit.
Lessons learnt and actionable recommendations
This study was very application orientated, with a view to analyze the impact of ICTs on the experience of development within under-resourced and constrained contexts of rural municipalities. It is thus important to reflect on the lessons learnt and identify actionable recommendations that can be taken forward and implemented in future ICT system designs.
One of the most important lessons learnt was that co-design offers an opportunity to get stakeholders around the table and engage together on their challenges, perceptions, and capabilities, thereby contributing towards a unified solution. Through the co-design process, the municipalities learnt where and how ICTs can make a difference in their contexts. The recognition that ICT implementations require change management, review and re-design of work processes, engagement with beneficiaries, and an ongoing commitment resulted in new knowledge being created in both municipalities.
The co-design process also showed that municipalities and their citizens can, and should, drive the design agenda. Local knowledge is paramount to successful ICT implementation and taking the time during the design process to incorporate such knowledge results in new and creative ways of increasing capacity within institutions. An actionable recommendation, based on this, is the setting of a strong development agenda at the outset of the design process. Through setting such an agenda, the intention of the system moves from a mere technical tool to an integrated, context-specific institutional support structureone to which, in this instance, both municipalities had a strong connection and sense of ownership. This sense of ownership, in turn, allowed the municipalities to (a) recognize that not all the ideas, that emerged during the design process, were possible to implement in the short term, and (b) adapt the system to their needs, and without the support of the researchers.
Another lesson learnt was the value of a change in work experience the ICT brought about. Despite no measurable change to financial and human resource constraints, the co-designed ICT led to an experience change, by interviewed staff members, of both job satisfaction and work efficiency. Linked to these experiences was the increase in institutional memory capacity, due to a clearer workflow, with assigned and described responsibilities of staff, and the ability to store fault data. A recommendation from this learning is that definitions of success, and the impact of ICT systems, must be assessed in a wider context, and through engagement with all stakeholders. This requires interviews to be held after the system's implementationan aspect which should become the norm for all future ICT4D implementations.
Then there was the case of the toll-free line. Through the co-design process, the municipalities realized that the implementation of a toll-free line was substantially cheaper than they had initially assumed. It highlighted to the municipalities that their internal perceptions, around costs, had not been verified at any stage, and that ICT solutions need not be complex in nature. They need only speak to current capabilities.
The empirical evidence presented above confirms co-design as an approach for unified ICT solutions. In doing so, it provides a strong actionable recommendation for ICT practitioners and governments going forwardwhile time-consuming, and requiring a commitment from all parties involved, the co-design process works, and must be considered as an approach to developing ICT solutions.
In addition to practical implications, this study also highlighted implications for research. It forced us, as authors and researchers, to reflect on our understanding of the ICT4D paradigm. We felt challenged during the engagement with stakeholders to avoid dominating the design process as ICT specialists. We had to recognize the importance of all voices being equally heard. This required continual reflection on our engagement practices, our perceptions, and our intentions throughout the system's design. This is an important takeaway for other ICT4D researchers and ICT specialists. Rather than allowing technology to drive the process, unlocking potential solutions must be driven through stakeholder engagement and conversations between all members of the co-design team. While the final ICT solution might, in the end, look very different to the original idea, it will show the importance of taking the local context and knowledge seriously, and not amending it to fit the ICT's "shoe."
Conclusions
This research paper discussed whether co-designing an ICT system towards the current capabilities of stakeholders could increase capacity, and hence contribute to socioeconomic development. By using two municipalities in the rural Eastern Cape of South Africa, it empirically showed how co-design (1) allows for subtle knowledge exchange between stakeholders, (2) allows for hidden issues, such as the importance of local contexts, the capabilities of stakeholders, and how traditional knowledge is valued, to be unpacked by all stakeholders involved, and (3) results in an ICT solution which speaks to current capabilities, so as to be effectively transformed into actual, realized functionings, and thereby positively impacting the socio-economic development of all stakeholders involved. In doing so, this paper demonstrated that co-design, as an approach to developing ICT solutions, must be considered by all governments, ICT practitioners, and researchers going forward, particularly those working in the ICT4D space. It also showed that researchers need to continuously reflect on their role as researchers, and what drives and defines the notion of development in their ICT4D projects.
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(1) The installation of a toll-free number (2) The use of South Africa's free Please-Call-Me (PCM) service (3) The design and development of an online complaints management database
The toll-free number and PCM service provided citizens with two opportunities to lodge complaints without incurring costs. A third method citizens used, both before and after the system's implementation, was the "walk-in," with citizens visiting their respective municipal offices and speaking to staff directly. Whether via the toll-free number, PCM service, or walk-in, once a citizen had lodged a complaint, the complaints data were recorded to the online complaints management system by the responsible municipal staff member (users). Users accessed the online complaints management system via the Internet using the URL: anonymized for review purposes.
Once users had logged in, data describing the fault was entered on the complaints screen. Once all complaints data was entered and saved, an SMS with a reference number was sent to the citizen. Providing citizens with a reference number allowed them to follow up on their complaints and allowed municipalities to update citizens on the status of their complaints.
Once a complaint had been resolved by the municipal technical teams, complaints were updated on the system from "pending" to "completed." The online complaints management database also provided the municipalities with the option of generating reports in various formats such as .pdf, .docx, and .rtf. The online complaints system was developed using Microsoft Dot Net Framework (Microsoft Visual Studio) and DevExpress (Developer Express) for the front end. The database itself was developed using MYSQL Database Management System (client version 5.1.11). MYSQL-Visual Studio Dot Net Connector (version 6.6.5) was used to interconnect between MYSQL and Visual Studio 2012. Crystal Reports Software (version 13.0.5) was embedded into Visual Studio to generate and export reports to PDF, Microsoft Word, and Microsoft Excel formats.
A central database with user logins for each municipality was created and hosted on servers at the university of the researchers. The servers were supported 24 hours, which ensured that there was no database failure for the duration of the research. Regular database backups ensured that system data recovery was possible. The logins ensured that authentication and authorization were required before accessing the system.
In summary, the system was simple, easy to use, low cost, and web based, and it responded to the needs of each municipality.
Appendix 3: Topic guide (Phase 1)
Municipal Structure and Management Topic: Status quo Discussion pointers:
(1) Organizational structure, culture, workload, and job satisfaction (2) Departmental interactions (meeting structure, information flow) (3) Development of turnaround strategy Topic: KPAs, missions, and values Discussion pointers:
. Mission and value statement . Integration of KPAs in internal and external workflow Topic: Workflow Discussion pointers:
. Description of current workflow . Internal and external reporting requirements Water and Sanitation Services Topic: Technical Discussion pointers:
. Current level of infrastructure . Current challenges . Management of backlog levels Topic: Drinking Water and Blue Drop Reports Discussion pointers:
. Water supply within the municipality . Public participation processes for drinking water service delivery . Publication and accessibility of Blue Drop Reports to the public . Water quality control Topic: Sanitation and Green Drop Reports Discussion pointers:
. Sanitation service delivery within the municipality . Public participation processes for sanitation service delivery projects . Publication and accessibility of Green Drop Reports to the public Challenges of Service Delivery Topic: Service delivery performance Discussion pointers:
. Service delivery performance on a scale of 1-10 . Frequency of, and cause for, service delivery protests Topic: Community aspect of service delivery Discussion pointers:
. Community concerns and expectations with regard to the municipality Topic: Fault reporting Discussion pointers:
. Response time limitations and information flow between departments . Turnaround times for resolving faults . Frequency, location, and types of faults reported . Most popular method of reporting faults
Customer Relations
Topic: Generic Discussion pointers:
. Workflow/procedure for reported faults Public Participation Processes Topic: Public participation performance Discussion pointers:
. Public participation on scale of 1-10 . Available platforms to community for engagement with municipality . Adherence to government public participation guidelines . Frequency and method of engagement by citizens . Frequency of public meetings . Influential members of the community and municipal sector . Transparency with regard to challenges faced . Techniques for incentivizing community participation Topic: Evaluation of service deliverycustomer service survey Discussion pointers:
. Method and frequency of customer satisfaction evaluation Topic: Access to information Discussion pointers:
. Availability accessibility of information to the public Existing Information Systems Topic: General overview Discussion pointers:
. Current IT infrastructure and satisfaction level . Citizens' access to and use of technology . External or internal management of current IT infrastructure . Level of IT skills within the municipality . Frequency and impact of IT problems and/or failures . Mobile phone use within the municipality
